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SUMMARY. 
In the introduction the preparation and reactions 
of the Si-N bond are considered - in particular, the 
reaction of trisilylarnine and protonic acids. 	The 
limited occurrence of the Si-S and Si-Se linkages is 
noted. 	grief mention is made of the reaction of 
fluorophosphine compounds with amines. 
A series of ammonium and methylammoniuin salts of 
the Y3U13 anion (Y = S or Se) was prepared. 	The 
characterisation of the compounds and Pt8sible explanation 
for their formation are discussed. 	Reaction of the 
compounds with a number of halides was attempted. The 
reactions reported were with hydrogen halides, methyl 
halides, trimethylsilyl chloride, germyl bromide, acetyl 
chloride and halodifluorophosphines. 
The preparation, characterisation and reactions 
attempted with N-silylaminodifluorophosphjne are 
reported and its properties discussed. An appendix 
contains evidence for exchange reactions between silyl 
or gerinyl and difluorophosphine compounds observed in 
a pilot series using n.in.r. proton and fluorine spectra 
to identify products. 
INTRODIJOT ION 
Scientific research tends by its nature to diversify. 
In a limited time, therefore, it may very often be more 
rewarding to study any field to moderate depth and 
explore the potential of one's findings than to examine 
one small group of compounds and their physical 
properties exhaustively and be able only to speculate 
on potential. 
As the range of well documented silicon compounds 
is vast, any preparation of new compounds or further 
examination of the old ones is likely to be in a minute 
section of the total field and cover only a small area 
of some of the broad subdivisions of the field. Part 
of the work to be described and discussed started with 
an extension of a study in the fairly extensively 
covered area of silylamine reactions. The reactions 
produced compounds containing ions which offered the 
possibility of a new route to silyl compounds of the 
Group Vi elements sulphur and selenium. A 'preliminary 
exploration of exchange reactions between difluoro-
phosphifle and siiy1 or germyl compounds, tentatively 
identifying 'products from nuclear magnetic resonance 
spectra, gave evidence for the formation of some 
interesting mixed species. In particular, the reaction 
of arninodiflUOroPhoSPhifle and silyl bromide gave a 
spectrum which was consistent with the formation of the 
compound N_s11y]amiflOdiflUoroPhoSPhifle. This compound 
2. 
had been observed, in infra-red and mass spectra which 
were obtained from products of a reaction studied in 
the first part of the work on silylaaines but which had 
not been identified. 
An attempt will be made to summarise published work 
which appears most pertinent to the work to be presented 
Some of the reviews covering a wider range of compounds 
and reactions than can be attempted here will be listed 
for further reference. 5 
It should be noted that in this thesis the term 
silyl is used to refer only to the SiH 3- group. 
Triorganosilyl compounds will be referred to by their 
full names where they occur. 
The preparation of the Si-N bond involves 
substitution or condensation reactions where the 
reactants have the appropriate oxidation state of Si 
and N already established. 	The commonly accepted 
tnechanism is set out clearly by Wannagat 1 in the 
following steps :- 
Addition of the amino group to the chlorOsilafle 
by interaction of a free electron pair of N with a 
vacant 3d orbital of Si, N then has an ammonium 
structure with 8i in a 5 co-ordinated state and 
has a formal negative charge. 
cleavage of the Cl, initially bonded covalently, as 
a chloride ion - leaving a silyl- substituted 
amffloniUrfl salt. 
3. 
The strongly basic amine then removes a proton from 
the shy1- substituted ammonium salt. 
The Si-N compound formed establishes an equilibrium 
structure forming a (d-p)1Tpartial double bond 
between the Si and N atoms. 
The fact that the vacant 3d orbitals of Si may take 
part in bonding can be useful in explaining many 
reactions of silyl- containing compounds 	Ebsworth5 
summarises the physical evidence which may be quoted in 
support of (d-p)lTbonding ) and some which conflicts He 
concludes that (p-d)Tr bonding is important from N or 0 
to Si, but evidence for S-Si bonds conflicts ) and weak 
donqr properties are thought to be the most significant 
factor controlling the chemistry in this case. 
Reactions of the Si-N bond seem to be to some 
extent controlled by the occurrence of (d-.p)llThonding0 
The photoelectron spectra  obtained for the series of 
amines below gives perhaps the most direct experimental 
evidence of bonding between the lone pair on nitrogen 
and silyl groups bonded to the nitrogen. 	The lowest 
ionisation potentials were as follows :- 
Me 3N 	Ire 2NSiH3 	MeN(SiH3 ) 2 	N(SiH3 ) 3 
8.5eV. 	8.5eV. 	9,16eV. 	9.71eV. 
Error = ± 0.05eV. 	All the peaks were fairly sharp 
but not even with trimethylamine was the peak shape 
characteristic of ionisation of a non-bonding electron. 
However, increase in lowest ionisation potential along 
Li.. 
the series can be taken to indicate that the degree of 
bonding of the nitrogen lone pair of electrons increases, 
despite the change in shape at nitrogen. The lone pair 
orbital at nitrogen may be regarded as in a pure p -
orbital in trisilylamine, and the first ionisation 
potential would be expected to be lower, other things 
being equal, than for the lone pair in the sp 3 hybrid 
orbital in trimethylamine 
Typically, amines are electron pair ø- donors or 
Lewis bases, but in the case of silylamines interaction 
with Lewis acids is weak, in some cases negligible. 
This reduction of base strength in proportion to the 
number of 3i-N bonds present generally parallels the 
degree of (d-p) -7T bonding in which the nitrogen lone pair 
may take part. The following order of base strengths 
has been established by a number of studies' 8 9  
(SiH) 3N < (3iH3 ) 2 NCH 3 < SiH3N(0H3 ) 2 <N(cH3 ) 3 
and in a study by Aylett and Peterson9 base strength 
with respect to borane was 
SiH, <<SIH3NMe2 .Sili2 (NMe 2 ) 2 	Sili(NMe 2 ) 3 ) Si(NMe2)14 
steric factors becoming predominant towards the end of 
the series. 
The Si-N bond is generally fairly reactive, being 
susceptible to cleavage by water, alcohol and various 
acids. 	Silylamines also react with base often 
producing polymeric Si-N species in the base catalysed 
disprOportiOnations characteristic of silyl compounds3. 
5. 
The reaction of silylami.nes with anhydrous hydrogen 
halides generally leads to the splitting of the Si-N 
bond by a mechanism essentially the reverse of the 
normal method of its preparation, to give a silyl halide 
and an involatile ammoniumsalt1 "° ' 11 . 
Si-IN + 2HX —> 	Si-X +Iffi2 X 
Trisilylamine and carboxylic acids were found to give 
an analogous reaction, producing a silyl ester and an 
ammonium salt 12,13. 
(SjH3 ) 3N + LRCOOH —p 3R000SiH3 + RCOO NH 
When a study was made of the reaction of a series of 
carboxylic acids with trisilylamine it was found that 
as acid strength decreased more complex side reactions 
began to compete with the straightforward reactions 
given by strong acids; and yield and stability of the 
expected products decreased. 	However, as acid pKa 
values are measured for aqueous solutions and the 
reactions studied were carried out in the gas phase, 
the connection was not established absolutely. 	The 
lattice energy of the ammonium salt formed in any 
reaction was obviously important in determining the 
extent of the reaCtiofl) but was considered unlikely to 
influence side reactions. 	These reactions, such as 
the formation of relatively large quantities of silane 
and hydrogen, were thought to be base catalysed by the 
strong conjugate bases of weaker acids. 
On an extension of the investigation to the action 
6. 
of weak di-pxottc acids further gradation of properties 
was observed. 	Trisilylamifle and hydrogen sulphide were 
found to give no reaction in the vapour phase. However, 
the reactions of organosilylaTflifleS and hydrogen sulphide 
and some thiols have been reported. 	Their reaction 
is generally slow and yields of organosilicon sulphide 	- 
products are often low. 
e.g. Et 33±NH2 + H 2 3 ----- 	(Et 33'S)2+ Et3SiH 
The reaction being general for organosilylamifleS 
R3SjNR'R tt , where R is alkyl, aryl or aralkyl. 
When trisilylafflifle and hydrogen sulphide were left 
in a sealed tube under pressure at room teinperatUre for 
24 hours traces of white solid appeared 13 . 	With strong 
acid white solid is deposited immediately. 	A small 
amount of hydrogen sulphide and trisilylamifle in the 
ratio 3:1 was not recovered as starting materials and 
the infra-red spectrum indicated the formation of some 
disilyl sulphide. 	Evidently under these conditions a. 
reaction was occurring, whether reaching an equilibrium 
or slowly giving a quantitative yield of products was 
not established. 
A further study of the action of weak diprotic 
acids H 2 Y (Y=3,Se) and trisilylamine was undertaken15 
using the. 3:1 ratio implied in previous work. 	On 
standing reactants at room temperature, in an ampoule 
which gave a reaction pressure of several atmospheres 1 
a white solid and crystals deposited over one or two 
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both phosphorus-fluorine and nitrogen-hydrogen bonds 
are found to be unstable unless the availability of the 
nitrogen lone pair of electrons is reduced by the 
presence of a strongly electron withdrawing group 27 
It is suggested that the PF 2 group has sufficient 
electronegative character to allow aininodifluorophOsPhifle 
to be prepared in high yield from brornodifluorophOSPhifle 
and ammonia by precluding further introduction of PF 2 
groups 2 
	The reaction of silyl halides with amines1. 
is usually complete so it might be expected that if 
reaction occurs between silyl halides and amino-
difluorophosPhifle the predominant product would be 
N- disilylaminodifluOrOPhOsPhifle, as neither mono- nor 
disilylarnine have been obtained in direct reaction of 
silyl halide and ammonia. 29 	The preparation and 
properties of N- silylaininodifluorophosPhine and some 
reactions attempted with it are discussed in chapter V 
CHAPTER IL 	 9. 
Experimental Techniques and Preparation of Starting 
Materials. 
All manipulations of volatile compounds were carried 
out in a Pyrex vacuum system of conventional design. 
High vacuum, necessary for the exclusion of air and 
moisture from the materials being handled, was maintained 
by means of a mercury diffusion pump backed by a rotary 
oil pump. Pressure inside the apparatus was measured 
using a spiral gauge, employed as a null point instrument 
with lamp and scale. 
The vacuum line was built up from detachable - 
sections. 	This aided cleaning, which was frequently 
necessary, to remove. involatile solid deposits which 
appeared in the system as decomposition products of the 
volatile species handled. 	Apiezon L and N greases were 
used on stopcocks and ground glass joints. Much of the 
detachable apparatus used on the main semi-permanent 
system was fitted with 'Rotaflo' teflon greaseless taps,. 
These taps satisfactorily withstood a pressure of 
several atmospheres if properly adjusted. 	Care had to 
be taken not to place them in close proximity to liquid 
nitrogen as this rapidly caused temporary leakages. 
Certain convenient sections of the vacuum line were 
calibrated for volume using a molecular weight bulb. 
This enabled quantitative estimations of the amount of 
volatile materials: present to be made rapidly from 
pressure readings. 
10; 
Criteria of purity. 
Generally a combination of several of the standard 
methods used in vacuum chemistry were employed to 
establish the nature and purity of a compound. 	Most 
impurities in a sample can be identified by some 
characteristic band in an infra-red vapour phase 
sPectrum) which was often obtained as a preliminary 
measure. 	On occasion mo1ecular weight measurement was 
used to give a further rough check on purity. 
Sometimes it was found convenient to detect and 
identify impurities from nuclear magnetic resonance 
spectra. For an accurate guide to purity equilibrium 
vapour pressure measurements were taken. Where a 
constant vapour pressure was found for various portions 
of a sample at a fixed temperature point the 
'tensiometrically homogeneous product' is described as 
pure. 
Analysis. 
All compounds analysed were sensitive to air and 
moisture. 	Solids, or liquids of low volatility, were 
analysed for C, H, and N as required, using the Perkin-
Elmer 240 Elemantal Analyser in this Department. 
Samples were introduced into the analysis capsules 
under dry nitrogen in an evacuable polythene bag. 
Although the capsules were sealed and run as soon as 
possible there was occasional evidence that some 
11. 
deterioration of sample occurred before the final run. 
iviore volatile compounds such as N- silylarnino-
difluorophosphine were analysed manually on the vacuum 
line by hydrolysis of a sample and measurement of the 
products as appropriate. 	Where it was found difficult 
to isolate a volatile reaction product ) its existence 
was confirmed in the impure sample by accurate 
measurement of the parent ion mass in the mass spectrum 
Infra-red Spectroscopy. 
Infra-red spectra were recorded using a Perkin-
Elmer 457 spectrometer. 	The vapour cell (10 cm.) was 
fitted with CsI or KBr plates. 	Mull spec:tra were 
recorded using CsI or KBr plates also 	rujol, sodium 
dried, and hexachlorQbutadiefle being used to prepare 
the mulls. 
Where particularly high resolution spectra were wanted 
or where it was desirable to rim the low frequency 
region down to 200 cm', a Perkin- Elmer 225 
spectrometer was used. 	The drawback of this 
instrument is that many of the compounds tended to 
decompose in the cell; in spite of the cooling system 
incorporated, the powerful source causes considerable 
heating of the sample. 	Spectra recorded on this 




Raman spectra were run on a Gary 81 laser Raman 
spectrometer in Strathclyde University. The ammonium 
salt samples run tended to sublime off the foot of the 
tube in the laser beam. However, this effect was 
partly overcome by introducing a nitrogen atmosphere 
into the tube after preparation of the salt, in situ, 
and removal of the volatiles. The tubes were then 
sealed. 
Nuclear Magnetic Resonance spectra. 
Proton nuclear magnetic resonance spectra were 
recorded on a Varian Associates HA100 spectrometer 
operating at 100 MHz. Ultimately a fluorine probe was 
fitteL to the spectrometer and some fluorine n.,m0r. 
spectra were obtained. 
Low temperature operation of the instrument was 
initially rather unsatisfactory as over-efficient 
cooling made temperature control difficult. A more 
satisfactory system was arranged so that low 
temperatures down to about -80 °C could be rapidly 
stabilised. 
Mass Spectrometry 
Mass spectra were recorded on an A.E.I. 1YS9 mass 
spectrometer, with an ionising potential of 70 eV. 
VIost compounds for 'which the mass spectra were recorded 
13. 
contained sulphur or selenium both of which have a 
characteristic isotope distribution. 
Sulphur has 323 9506% and 34 S 14.18%. 
Selenium has 74 Se0.96%, 6 e 9.12%, 77Se 7.5%, 
78 3e 23.6%, 80 s 149.96% and 82e 8.80c.. 
Where tables of mass spectrum data are recorded the 
assignment of ions is with reference to 32 and 8° Se 
respectively, the characteristic pattern of isotope 
distribution about that mass nuinberbeing observed. 
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Preparation Of Starting Materials. 
Procedures used to prepare and/or purify the many 
compounds used in the course of this work are listed 
briefly below. 	The silyl starting materials were 
generally prepared by well documented techniques so it 
is unnecessary to give any detailed account of these. 
Appropriate references are given for each, and any 
modifications attempted are mentioned. 	Most of the 
halides used in reactions were commercially available, 
and for these the purity checks applied are recorded. 
Silyl bromide was prepared by the method of Kuir 
and Thtz on 200 m.niole scale 30, 
4PhSiCl 3  + 3L1A1H14 --- 14hSifl 3 + 3L1C1 + 3A1C1 3 
PhSiH3 + HBr -_->06H6 F SiH3Br 
lL.. 
An attempt to substitute diglyme ( dried ) for the n-amyl 
ether normally used as solvent/dispersant for the litbiLl 
failed as apparently overheating, probably caused by 
incomplete drying, resulted in polymerisation and the 
digl3rme/lith&1 mixture set solid. 	If the silyl bromide 
prepared was to be converted to the chloride, exhaustive 
purification by distillation was not carried out as any 
benzene was more easily removed afterwards. 
Silyl chloride was prepared by streaming silyl 
31 bromide over mercuric chloride 	Conversion yield 
greater than 905Po pure was always obtained. 
2SiH3Br + HgCl 2 	HgBr2 + 28j-H3 
 
Trisilylainine was prepared by the vapour phase 
reaction of ammonia and silyl chloride 9. 	Yield of 
pure product was 60 - 807o. 
8111301 + I41'ii3 	' (81113 ) 3N + 3 N 	Cl 
Since this was a basic starting material for much of 
the research it was carefully purified by vacuum 
distillation and its purity checked by its infra-red 
spectrum 	and vapour pressure at 	
29 
(Found. 10.7 - 10.8 m.n.; lit, value at 0C-10,9 m.m.) 
Ammonia obtained from a commercial cylinder was 
fractionated to remove water ( -78 ° C bath ) and stored 
over sodium in a bulb on the vacuum line. 
Methylaiflifle, generated from the hydrochloride, was 
available in the Department. Its purity was checked 
by infra-red and vapour pressure before it was used to 
15. 
prepare the N-meth1disi1y1amifle 34 
Djmethylamine was'similarly checked for purity 
before use in the preparation of £N-dinethy1si1y1amifle 3 . 
N-methyldisilylaiLifle was prepared by the vapour 
phase reaction of methylamine with excess silyl 
chloride 35. 
2SiH3C1 + 3MeNH2 -- (SiH 3 ) 2NMe +2MeNH3 Cl_  
An average yield of pure product based on weight of 
methylamine taken was 707c. 
NN_dLnethylsilylamifle was prepared by the vapour 
phase reaction of dimethylamine with a slight excss 
of silyl bromide 34 
Sid3Br + 2Me 2NH ---> e 2N$iH3 + Me 2NI 2 Ol 
An average yield of pure product based on weight of 
dimethylamine taken was 50%. 
Hydrogen sulphide was produced by a Kipp's 
apparatus using the action of aqueous acid on iron 
sulphide. 
FeB + 	----- Fe 	+ H23 
A sample taken onto the vacuum line was fractionated 
repeatedly using a -78'O bath to remove water. When 
a tensimetrically homogeneous sample was obtained it 
was stored in a bulb on the vacuum line at room 
temperature for use in the basic preparative reactions. 
Hydrogen selenide was prepared by the action of 
water 1 followed by weak acid, on aluminium selenide, 
made by igniting selenium powder (red) and aluminium 
16. 
powder in a crucible in a good fume cupboard 
36, 
2A1 + 3Se 	-> 	Al 2Se 3 
Al2 e 3 + 6H20 -----p 3H2 Se + 2A1(011) 3 
Again the product was fractionated to remove water until 
a tensimetrically homogeneous sample was obtained. The 
yield of pure product was about 70%. 
Silyl iodide was prepared by the action of hydrogen 
iodide gas on trisilylamine 37 
(SiH3 ) 3N + LHI -- - 	33ili 31 + NH  
Silyl mercaptide was prepared by leaving a pressure 
of disilyl sulphide and hydrogen sulphide in a bulb 
fitted with a greaseless tap for 1-2 months 38, 
(SiH 3 ) 2S + 1i2 5 ------ 	 2SIH3SH 
A sample of the fraction of product volatile at -96 °C, 
involatile at -120 °C, was tested for purity. 	The infra- 
red spectrum was not easily distinguishable from that 
of disilyl sulphide so an n,m.r, spectrum of the material 
in cyclopentane was recorded. 	This showed the sample 
to be silyl inercaptide 	containing a trace of disilyl 
sulphide which could mainly have formed during the 
recording of the spectrum. 
Germyl bromide - a small amount of pure compound 
prepared by the standard method 40  was kindly provided 
by Mr. J.D.1iIurdoch. 
Bromodifluorophosphine was prepared by Dr. D.W.H. 
Rankin by the reaction of hydrogen bromide and diinethyl-
aninodifluorophosphine 	, which was obtained by 
17. 
antimony trifluoride fluorination of the products of 
the reaction of dimethylamine and phosphorna trichioride 
42 .  
Hydrogen iodide, hydrogen bro:nide, methyl iodide, 
methyl chloride, methane thiol, trimethylsilylchloride 
and acetyl chloride were all obtained comijiercially, 
dried on the vacuum line and fractionated to remove any 
impurities as appropriate. 
Various solvents used were purified or available 
purified as follows :- 
Benzene - Analar grade, dried over sodium wire 
Toluene - Analar grade, dried over sodium wire. 
Monoglyme - Shaken with K/anthracene and distilled. 
Diglyine - Shaken with K/anthracene and distilled. 
Tetramethylsilane - Spectroscopic grade, dried over 
molecular sieve. 
n-Pentane - Spectroscopic grade, dried over molecular 
sieve. 
n-Hexane - Spectroscopic grade, dried over molecular 
sieve. 
Arcton CC1 3P - Commercial grade, distilled. 
Carbon tetrachloride - Spectroscopic grade, dried over 
- 	 molecular sieve. 
Dimethyl ether - Commercial grade distilled. 
1 0 
Deuterated compounds. 
Deuterated ammonia was prepared by dropping a 
strongly alkaline solution of potassium hydroxide 
pellets (-i g.) in D20 (- 5 ml.  99.7%) onto ammonium 
bromide (-1 g,) under a nitrogen atmosphere. 	The 
deuterated ammonia was separated from the water by 
distillation through traps at -76C. 	Infra-red spectra 
showed that mainly ND  (2 in. mole) was formed ) with 
small amounts of NH 39 
 NH2D and NIID2 , 	Yield of reaction 
was under 50% and the product was deemed sufficiently 
pure to use in the preparation of N- si.lylaminodifluoro-
phosphine for infra-red spectroscopy. 
Deuterated hydrogen sulphide was prepared by 
dropping 1)20 (- 5 ml.  99,7%) onto phosphorus penta-
su.lphide P 2  S 5 
 (-2 g.) under an atmosphere of nitrogen. 
Reaction occurred somewhat slowly,but on pumping on the 
vessel through a series of traps at liquid nitrogen 
temperature the volatile product was collected. 	Since 
the purity of the deuterated sample could not readily 
be checked by vapour phase infra-red spectroscopy, a 
mass spectrum was obtained. 	The spectrum indicated 
that mainly D2S)  with a small amount of partially 
deuterated DSH and some H23, had been formed. After 
repeated distillation to remove water ) the sample was 
used to prepare deuterated ammonium silyl sulphide by 
the usual reaction with trisilylamine. 	Peaks in 
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Ammonium and MethylaminOfliufli Salts of the SIH 3Y Ion. 
(Y=s, Se). 
The reaction between trisilylamine and rnonoprotic 
acids used to prepare the silyl derivatives of the 
corresponding anion follows the general reaction 12;_ 
(siH 3 ) 3N + LHQ —p NH 	+ 3SiH3 
On this basis the reaction of trisilylamine with a weak 
diprotic acid such as H 2 
 Y might be expected to give :-
2(SiH3 ) 3N + 	2 y 	 Y + 3(SjH 3 ) 2Y 
or 2(S±H3 ) 3N + 5H2Y - 	21TH4 (kC + 3(SiH3 ) 2Y 
In practise, with Y=S, the reaction produced disilyl 
sulphide and a white crystalline solid which appeared 
to be the ammonium salt of the silyl mercaptide anion '. 
(SiH3 ) 3N + H 2 6 - + NB 
	SSiH 3 + (biri3 ) 2 b 
Interest in the mode of formation of this ion and the 
selenium analogue, and the possible scope of their 
reactions)  prompted a more detailed characterisation of 
these salts. 	The reactions of the N-rnethylsilylamifles 
with H 2 Y were also investigated. 	All the salts formed 
were stable at room temperature only while air and 
moisture were rigorously excluded, which imposed 
considerable restrictions on experimental procedures. 
The particular limitations to accuracy incurred at each 
stage are referred to in the presentation of experimental 





The experimental data seen to characterise the 
proposed salts fairly satisfactorily. Within the limits 
of. purity described the mass balances for preparative 
reactions)  and the microanalyses carried out on the 
samples of salts prepared, indicate that the reactions 
postulated do in fact occur almost quantitatively to 
give the products in high yield. 
INFRA-RED AND RANAI\T SPECTRA. 
Assignments for the ammonium and rnethylainnonium ions 
were made where possible by analogy with published 
 49 
assignments for the iodides 	 , which were 
considered to be the nearest in size to the YSII-1 3 ions. 
The bands due to YSiH 3  ions were assigned by analogy 
47 
with (S±H 3 ) 2Y spectra reported in the literature 
In the tables the. following bands are assigned to 
the SSiH anion comparing the corresponding bands in 
disilyl sulphide. 
Cation i'TH 	 ND 	Assign 	(19iH3 ) 2 3 
R. 	CiIL 1  I.R. 	cm 	 crnT1 
2124 	2100m.. 210.0m, \Si-H 2180 
926 	930br 935br , 6SiH3 962 
635m , 635m. p 	iH3 635 
551 	550m. 550m ' 	SiS 517 
R. = Raman 
s. = strong, in. = aiediuin, w. = weak, br. = broad 
sh. = shoulder. 
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increase in frequency of the band assigned to the Si-Se 
stretch from that observed for disilyl selenid.e is 
similar to that in the sulphur system above and the same 
explanation is proposed. 
Assignment of bands to the ammonium and methyl-
ammonium ions was made considering the following points 
which appear to be general for ammonium salts. 	It has 
been observed 48, that there are quite large 
variations in the value of infra-red active fundamental 
vibrations of ammonium ions depending on the anion. 
There hydrogen bonding occurs ) it should shift the 
asymmetric stretch I to lower frequency by lengthening 
the N-H bond and the asymmetric bending frequency V )4 is 
raised. Where the ammonium ion is not rotating in the 
lattice a combination band of 4 	 a torsional band 
( or lattice mode ), with\1 )4 occurs. 	Also the triple 
degeneracy of the \) 3 
and N3 frequencies is removed and 
splitting occurs i.e. broadening of the bands is 
observed. 	Where nuclear magnetic resonance indicates 
that the aminoniuni ion is freely rotating e.g. in 
ammonium tetraphenylbOrOflate, the observed frequencies 
are sharp and 	and its combination frequencies are 
not observed. 
On this basis there is evidence that the series of 
salts prepared are hydrogen bonded; in particular with 
the ammonium salts there is reasonable evidence that 
the broad bands in the spectra 2000 - 1400 cm may 
in tables below. 
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NtrI+ SeSiH 	Raman. Infra-red. Assignment. 3 
Cifi. '  
	
3080 sh. 	uN-H and 
2920 br. 	combination bands 
2780 sh. J 
2470 br, 
2360 sh. 	combination bands 
1950 br.w. 




325 	330 	lattice torsional 
190 	J modes 
Assignment of bands in the methyl- and dimethyl-
ammoniuni salts is much more difficult. 	Deuterations 
for the whole series would be necessary) and some idea 
of crystal and ammonium ion lattice symmetries would 
be required, before more definite assignments could be 
made. 	It should be possible to obtain powder 
photographs of the salts for this purpose although 
their extreme sensitivity to air and moisture would 
make it a difficult task. 
Further, as has been observed 	shifting of bands 
of ammonium salts occurs in mull spectra depending on 
the infra-red plates used. This introduces further 
26. 
uncertainty in accurate determination of band positions. 
The general assignments made are tabulated below. 
MeNH3 S3±Hç 	MeKH3 SS1H3 ' 	Assignment (cation) 
CM. 	 cm. 1 
3120 sh. 3120 sh. 
3060 sh. 
2920 br. 2920 br. 
2850 sh. 2780 sh. 
2740 sh. 2720 sh 
2520 w.sh, 2660 sh. 
2460 m. 2430 m. 
2240 w. 2160 sh. 
1920 br, 1850 br. 
1570 M. 1550 br. 
1460 in. 146O m. 
1420 m. 1445 w. 
1145 W. 
1300 M. 1300 W. 
1265 M. 1265 M. 
1170 w. 1170 w. 
1160 w. 1160 w. 
1070 W. 1090 M. 
1000 sh, 1000 sh, 
855 sh. 875 sh, 
810 sh. 820 sh, 
770 M. 
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The route of salt formation .  
Though taken separately the spectroscopic and other 
techniques used to examine the nature of the compounds 
all suffered some limitations, the cumulative evidence 
is unambiguous and a possible explanation for the 
production of these somewhat unexpected species is now 
considered. 
A possible mechanism for the reaction is as follows. 
(3jH3 ) 3N + H28 - (Siff3 ) 3NH S11 -. HN(3i113 ) 2 + $IH3SH 
HN(SIH3 ) 2 + 23 .__,•(SjH3 ) 2 NH2 si .-> H2NS1H3 + 31113$H 
H2NSiR3 + H S 	- 3iH3NH3 S.d -> NH3 + Siri3 H 
NH  SS1H3 
i.e. (SiH3 ) 3N + 21128 __ 	SSIH 	+ (SiH3) 2 S 
as 28iH3SH 	 + 112S 
The reaction might occur only slowly as hydrogen sulphide 
is only weakly acidic and trisilylamine, being only 
weakly basic will not readily accept a proton to fom 
an aminoniu.m structure. This intermediate, if formed, 
might well rearrange rapidly to amine and silyl 
mercaptide, which readily disproportionates to disilyl 
sulphide and hydrogen suiphide. 	Reaction of further 
hydrogen sulphide with the amine formed would increase as 
the basic character of the amine increases. 	If ammonia 
does form, some evidence of base catalysed decomposition 
would be expected. 	As this is not observed it is 
concluded that the rearrangement of the intermediate 
salt proposed may well be concerted. 	However, in 
29. 
an independent reaction, ammonia and siiyi nercaptide 
reacted 1:1 to form a white crystalline solid whose 
infra-red mull spectrum was identical with that obtained 
from the product o1 the trisilyla1nifle/hydrOgefl sulphide 
reaction. 	This lends support to the proposed 
mechanism. 
The fact that ammonia, if formed, reacts with a 
molecule of silyl mercaptide rather than one of hydrogen 
sulphide indicates that the shy1 mercaptide proton is 
more acidic, which is consistent with the reduction in 
donor power of a sulphur atom bound to silicon. 	It 
has been established that organosilane thiols act as 
stronger acids than their methyl/ alkyl analogues 50 
Using N-rnethyldisilylafluine and NN-diinethylsilylamine 
the initial reaction with hydrogen sulphide would be 
expected to be more rapid because their basic 
character is greater. The fact that methylarnmonium 
salts are formed and no methyl silyl sulphide or methane 
thiol appeared in the products implies, as expected, that 
the C-N bond is less readily broken than the Si-N bond. 
The yield of the salts is high as, though the adids 
are weak, the SI-I ion is still weakly acidic, whereas 
with monoprotic acids such as the carboxylic series 
the conjugate base is strong and causes base catalysed 
decomposition to give silane and hydrogen to a marked 
extent. 	When methyl mercaptide was used the Me3 
anion must be sufficiently basic to cause polymerisation, 
the acid properties of the iiercaptide being very weak. 
30 
The reaction of the series of amines with. hydrogen 
selenide appears to be entirely analogous ) so it is 
likely that reaction proceeds by the same steps as 
proposed for the hydrogen sulphide reactions. 
Reactions attempted with the ammonium salts are 
presented in the following chapter. 
310 
xperirnental Results. 
Preparation of salts. 
Weighed quantities of trisii.yiamine and hydrogen 
sulphide or selenide in the ratio 1:>2 were allowed to 
react at 2-3 atmospheres pressure in a greaseless tap 
ampoule at room temperature for about 48 hours when a 
deposit of white crystalline solid was observed. 	In 
general when Y = Be the reaction proceeded a little 
faster and very small amounts of non-condensible product 
were often observed - probably hydrogen. 	Similar 
reaction was observed using D2 S. 
Typical mass balance for reactions:- 
Y=3 Reactants - (Bill 3 ) 3N (0.116g. = 106m.rnole) 
	
li2S 	(0.102g. = 300m,mole) 
Total 	(0.218g.) 
Products - solid 	(0.0879. = I07m , inole salt) 
volatiles (0.136g.) 
Total 	(0.2239.) 
YSe Reactants - (SiH3 ) 3N (0.106g. = 098L4n.mole) 
H23e 
	






(0.1439. = 112iii.mo1e salt) 




There was an error in weig uing the ampoule after 48 
32. 
hours and no accurate estimation of any deposit due to 
decomposition could be made. 	A trace of silane could 
generally be identified in the infra-red spectrum of the 
volatile products of the reaction. 	However, if the 
starting materials were pure, these errors appear to be 
small, always under 10%, as can be seen from the further 
reaction of the salts recorded in the next chapter. 
An alternative preparation of the ammonium silyl 
sulphide was achieved by reaction of ammonia (0.25m.nole) 
with silyl niercaptide (0.,26mmole) in an ampoule. 
Immediately on warming to room temperature a white solid 
formed and residual volatiles, identified by their 
infra-red spectrum as containing disilyl sulphide and 
possibly hydrogen sulphide, amounted to about O.Olm.mole. 
Mull spectra of the solid showed it to be ammonium silyl 
sulphide. 
Me 	ysiH 3 ç 
These preparations were carried out in a similar 
manner using N-methyldisilylamnine in place of 
trisilylamine. 	In this case reaction occurred on 
warming to room temperature and puffs 01' white solid 
deposited. 	No volatile methyl species were observed 
in infra-red spectra of the volatiles and mull spectra 
of the solid were consistent with the formation of 
Me11TH3 YSIH3 , so the reaction was postulated as :- 
2Me1N(SiH3 ) 2 + 3H2Y ----) 2MeNH3 'S1H3 + (SiH3)2Y 
33. 
Typical mass balance for reaction :- 
YB Reactants -t MeN(S1H3 ) 2 (0.9239. = 1,01m,inole) 
H 2 3 
	(0,9239. = 2.715m.mole) 
Total 	(1,846g,) 




The preparative reactions were carried out as before 
using NN_dimethylsi1ylamifle in place of trisilylamine. 
As in the preparation of the monoinethyl salt, reaction 
occurred immediately the ampoule was warmed, to room 
temperature. The mull infra-red spectra of the white 
solid deposited were consistent with its formulation 
as Me 2IH2 YS±H3 O 	 No methyl species were observed 
in the infra-red spectrum of the volatiles which 
appeared to be only excess H 2  Y and a trace of silane. 
The reaction was postulated as :- 
MeNSiH3 + H 2 
 Y --i Me 2NH2 YSiH3 
Typical mass balance for reaction :- 
Y=S Reactants - (e 2NSiH3 (0,6679. = 0,887m , mole) 
(0.446g. = 1.31rn,mole) 
Total 	( 1.1139.) 




Reaction of tri 	 (1:3) 
proceeded very slowly. 	Some traces of white solid 
appeared and over several days a lot of non-condensible 
gas evolved. Volatiles contained excess methyl mercaptide 
and silyl rnercaptide and possibly methyl silyl sulphide 
in small yield. 	In the main, the product was an 
i.,,-,volatile liquid whose mass spectrum was consistent 
with its formulation as a polymer of the type :- 
Cli 3 SSiH2-( N-81H 2 )
X 
 -80H 
Peaks at /e 152 (x---l), 227 (x2), 302 (x=3) etc. with 
di'ibution consistent with loss Of H atoms and further 
series of peaks for loss of Me group. 
Salt Analyses. 
0.7. li. °/. N.7. 
NH 	SSiH3 Found 8.48 17.20 
Required 8.69 17.25 
1eI1i 3 	SSiH3 Found 12.89 9.05 11,32 
Required 12,60 9.52 14.71 
Me 2NH 2 	SSiH3 Found 21.91 9.65 12.85 
Required 21.98 10,17 12.82 
SeSiH 3 Found 5.26 10.85 
Required 5.55 11.02 
MeNH3 	SeSiH3 Found. 8,79 6.06 10.02 
Required 8.45 6,33 9.86 
Me 2NH 2 	SeSiH3 Found 15.27 6.86 8,90 
Required 15,38 7.11 8.97 
35 
The maximum error between found and required values 
is just over 5%, in most cases agreement is very much 
better. 	This seems highly satisfactory as no 
purification of the samples analysed was possible and 
extreme difficulty was experienced in preventing 
decomposition and loss of sample material on submission 
for analysis. 	Samples were handled under dry nitrogen 
in a dry bag. 	The error introduced by nitrogen gas 
in the sample container (O,Olml,) was approximately 
0.0001g. 9 I.e. less than 1%. 	The sensitivity of the 
salts to air and moisture and subsequent loss of 
volatile decomposition products was a much more serious 
source of error along with traces of polymeric 
impurities. 
Infra-red Spectra. 
Bands observed in nujol and hexachiorobutadiene 
mulls on caesium iodide or potassium bromide plates 
are listed below. 
NH I SSiH3 :- 3100 sh., 2920 Dr., 2780 sh., 2470 sh,, 
2340 br.sh,, 2100 m. 1960 br.sh., 1810 br,w,, 
i7L.0 br,w.,, 1420 in., 930 Dr., 635 m., 550 m., 350 w,. 
NH 	SeSiH3 :- 3080 sh., 2920 br,, 2780 sh., 2470 sh., 
2360 w,, 2120 rn., 1950 br., 1770 Dr., 1700 Dr., 1415 m., 
930 Dr., 615 in., L25 rn,, 330 w., 
MeNH3 	SS1H 	:- 3120 sh., 2920 br0, 2850 sh,, 2740 sh., 
2520 sh., 2460 rn. 5 2240 w., 2110 rn,, 2090 m., 1920 Dr., 
36. 
1570 in., 1460 rn,, 11420 M. 1 1300 rn., 1265 m,, 1170 
1160 w., 1070 w,, 1000 sh,, 9140 br., 855 sh,, 810 sh., 
635 in., 550 in,, 1470 w,. 
eNFI3 SeSiH3 :— 3120 Sn,, 06o sh,, 2920 br,, 2780 sh,, 
2720 sh,, 2660 sh,, 21430 rn., 2160 sh,, 2090 in,, 1850 br., 
1550 br,, 1460 in,, 1145 rn., 1300 w., 1265 rn,, 1170 w., 
1160 w., 1090 rn,, 1000 sh., 9140 br., 875 sh,, 820 sh,, 
770 in.,, 600 rn,, 1450 w., 1430 rn., 395 
ss1Ii3 :- 2980 w,, 2920 w,, 2850 w., 2760 w., 
2360 sh., 2280 br., 2220 br., 2100 in,, 11420 w,, 1370 w., 
1310 w,, 1170 w., 1080 s,., 935 br,, 635 in., 550 m,. 
2NH 2 SSiH3_ :- 3120 sh., 2920 br,, 28140 sh,, 2700 br., 
2380 br., 2080 sh., 2050 in., 1850 br,, 1750 br,, 
1670 br., 1580 br., 11460 rn., 11415 In,, 1300 sh,, 1250 m,, 
1025 in,, 930 br., 880 sh,, 635 rn,, 550 in,, 
______ 	
:- 2920 br,, 28140 she, 2760 sn., 
2700 sh,, 2380 br,, 2100 sh., 2050 in., 11460 rn0, 
11410 rn, 9 1370 w.., 1330 w,, 1160 w,, 1070 rn, 9 1025 w., 
935 br., 80 sh., 650 sh., 600 rn., 1465 w., 1430 in.. 
Though mulls were made up under nitrogen in a dry 
bag some decomposition generally occurred on the plates, 
as indicated by a noticeable smell of hydrogen sulphide 
or reaseienium deposited on the plates. It proved 
difficult to prepare mulls of comparable thickness but 
in thin or thick mulls most of the bands observed were 
broad, so it was not considered important to attempt 
very precise spectral analysis in the context of these 
37. 
experiments. 	No evidence observed in the spectra was 
inconsistent with the general assignments forarnmoniuin 
or methylamniofliUlfl ions and YS±H 3 ions and the 
assignments made and some interesting features of the 
spectra are included in the discussion. 
Mass Spectrum. 
As the ammonium salts were observed to distil or 
sublime around to some extent) an attempt was made to 
obtain a mass spectrum. The main observed peaks are 
listed below. 
bSlff3 
m/e Assignment of +ve ions 
94 (SiH3 ) 28 - 	atoms 
78 (SiH3 ) 20 	H atoms 
64 S±H.7 SH 




31 61113 - H atoms 
18 NH 	 - ii atOlflS  
3-L SeSiH3 
rn/c Assignment of +ve ions. 
142 (SiH3 ) 23e 
111 SiH3Se 
84 H 23e 
78 ( 3 ± 113)20 
31 3±113 - H atoms 
15 NH 	- H atoirtS 
Typical S and Se isotope distributions were observed 




Raman spectra were obtained successfully only for 




2124 9 926, 551 9 425, 350 9 200. (cm) 
NH 	SeSiH3 :- 2123 9 900 9 425 9 325, 190, (cm) 
The bands around 2120 cm and 900 cm' are assigned 
to the Si-H stretch and SiH 3 deformations respectively. 
The assignment of the other peaks is made in the 
discussion. 
Solvents. 
All attempts to find suitable solvents for the salts 
failed., 	Any evident diminution of solid material was 
accompanied by effervescence which probably indicated 
dissociation of the salt. 	No solvent used seemed to 
speed up salt reactions and all resulted in appreciable 
production of silane even when purified rigorously to 
exclude air, moisture and other impurities. 
39. 
C1A.?TER Iv. 
Reactions of the Ammonium and Methylarnmonium Baits of 
the YSIH3 Ion (Y=S, or Be). 
Samples of the salts were reacted with hydrogen 
halides, methyl halides, trimethylsilyl chloride, germyl 
bromide, difluorophosphoryl halides and acetyl chloride. 
The scope of reactions investigated was somewhat 
restricted by the lack of a satisfactory solvent. 
Although by far the slowest, the preparation of samples 
of the ammonium salts seemed to be cleanest. 	While 
sufficient samples of the uethylainmonium salts were 
used to confirm the existence of the YS1H 3 anion in 
their reactions, most of the experiments were carried 
out using the ammonium salts. 
1. Hydrogen halides. 
	
Pilot scale reactions were attempted. 	Clean 
separation of volatile products by v&cuum distillation 
was not achieved so all products were identified from 
infra-red spectra. 	Mull infra-red spectra identified 
the residues as ammonium halides. 	Reactions appeared 
to follow the initial course :- 
NH YSIH3 + HX --* IE X + 3iH3YH 	(1) 
2SiH3YH 	- 	(5iH3 ) 2Y + H 2 (2) 
but since side reactions produced silyl halides and the 
equilibrium in (2) lies to the right, there seemed little 
point in pursuing the reactions quantitatively on a 
larger scale. 
40.  
2. Methyl halides. 
Reaction of the ammonium salts with methyl iodide 
was the experiment used initially to confirm the 
presence of the YSiH3 group in the salts 15, 	At that 
time a slow reaction was observed which did not reach 
completion. Yields of under 506 of CH3YSiH3 were 
separated from the volatile products in subsequent 
reactions. 	Methyl silyl sulphide was identified by 
comparison of the observed and published infra-red and 
n.m.r. spectra 51. 	The band at 520 cm 	in the infra- 
red spectrum is assigned to the Si-S stretch 47. 
Methyl silyl selenide has not previously been reported, 
so, since it was insparabie from traces of disilyl 
selenide, its existence was confirmed by accurate mass 
measurement of the parent ion in the mass spectrum. 
The infra-red spectrum was assigned as follows :- 







600 	.SiH3 rock 
405 	\i-Se 
by analogy with the bands for methyl silyl sulphide 51, 
dimethyl selenide 	and disilyl selenide 7. 
41. 
The n.m.r. spectrthn chemical shifts for the sample 
run are not expected to be reproducible because of 
experimental conditions,but the value for long range 
coupling J (H-H) should be constant. 	The value of 
O.L. c.p.s. fits in with the observed trend of increase 
in the series MH 3YM'H3 with different M in the order 
C(Si<Ge and with different Y = Se<B 529 	 It 
has been suggested 52 that interaction of the S and Se 
d orbitals make the coupling possible and the magnitude 
is not dependent solely on the H-H distance as no 
coupling is observed if Lo. 
The identification of the species CH 3YSiH3 indicate 
that the salt reaction with methyl halides can be 
represented by the equation :- 
NH YS±H + MeX -.- 	NH X + MeYSiH3 , 
Low yields can be explained by the slow rate of initial 
vapour/solid phase reaction and possible compar&ble 
rates of product disproport jonations and decomposition 
at room temperature. 
3, TrinethylsiiyL Chloride. 
Reaction of the ammonium salts with trimethylsilyl 
chloride proceeds slowly but qdte cleanly, being 
represented by the equation :- 
NH YSiH3 	+ Me3SiC1 	9 	NH 	 Cl + 'Me 3SiYSiH3 
Yield of product was consistently above 70%. 	The 
mixed trimethylsilyl silyl sulphide and selenide were 
42. 
identified by microanalysis. Assignments of infra-red, 
n,m.r. and mass spectra are recorded below and appear 
consistent. 
Y= 3 
Infra-red spectrum. 	 Me 3SiCl spectrum 
äm 	 Assignment 	 ám1 
2960 in. 	 2960 
UC-H 
2900 w. 	 2900 w. 
2160 s. 
1450 w. 	&Me-Si 	 1450 w. 
405 w. 	 1140 w. 
1325 	 1330 w, 
1255 m. 	SMe-Si 	 1260 n, 
1070 	 1070 w. 
935 v.s. 	Sifl3 
845 v.s. 	pMe-Si 	 850 V.a. 
750 	 760 
690 	 695 
640 	 SiH3 	 640 
525 	 ) S-8iH3 
')Si-C1 	 485 
440 	 \9-SiMe 3 
Many bands observed are analogous to those of the 
trimethylsilyl group in trimethylsilyl chloride 56 
but are less sharp. 	Bands attributed to modes of the 
free silyl group are assigned in the table) and by 
analogy with the Si-S stretch at 517 cmT1 in disilyl 
43. 
sulphide and the symmetric and antiyrnmetric stretches 
in bistriiiiethylsilyl sulphide 	at 443 cm7l and 
488 cm7 1 respectively, the bands at 4440 cm7l and 
525 cm 	are assigned 
Nuclear magnetic resonance spectrthfl. 
Peaks assigned to the compound are in the regions 
characteristic for Si-H and Si-CH 3 
58 
f 
t(Si-H) = 5.72 
p.p.m.; J( 29 3i-H) = 218.6 c.p.s.; J( 29 Si-S-Si-H) = 2.5 
c.p.s., and t(Si-C-H) = 9,64 p.p.m.. 	The coupling 
constants measured are reasonable for this assignment. 
Mass spectrum. 
Peaks assigned in the mass spectrum are consistent 
with the fragments expected from trimethylsilyl silyl 
sulphide and its disproportioflation products disilyl 
sulphide and bistrimethylsilyl sulphide. 
t=Se 
Infra-red spectrum. 
As with Y=S, many of the bands are analogous to 
those of the triynethylsilyl group in trimethylsilyl 
chloride, but are less sharp. 	Bands attributed to 
modes of the silyl group are assigned in the table. 
By analogy with the Si-Se stretch at 40 •0 cm.-1 in 
disilyl selenide 	, and with the trimethylsilyl silyl 
sulphide analogue above, the bands at 400 cm and 
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b O m. 	 SjH3 	 640 m. 
Si-Cl 	 485 s. 
400 m. 	 Se-3iH3 
360 in, 	lSe-SiMe3 
Nuclear magnetic resonance spectrum. 
Peaks assigned to the compound are characteristic 
of Si-if and SiMe3 58 at t(si-H) =5.99 P.P.M. with 
29 51-H) = 218,5 c.p.s.; J(80 J( 	 SeSi_H) = 1.9 cp.s.; 
j(29 Si-Se-Si-H) = 2.1 c.p,s. and't(Si-C-.H) = 9,54 
p.p.m., 	The coupling constants measured fit reasonably 
with this assignment. 
45. 
Mass spectrum. 
Peaks assigned are consistent with the fragments 
expected from trimethylsilyl silyl selenide and its 
disproportionation products ) disilyl selenide and 
bistrimethylsilyl selenide. 
4 Germyl Bromide. 
Reaction of germyl bromide with ammonium silyl 
sulphide (approx. 1:1) was very rapid and the mixed 
germyl silyl sulphide resulting was identified by the 
comparison of the observed and published n.m,r. 
spectrum 52 	Initially the expected reaction occurred:- 
NH S1H3 + GeH3Br -- 	Br + GeH3S31H 14	 3 
It may be that local excesses in the reaction vessel 
are initially responsible for some disproportionatiOn 
of the product. 	It was not possible to separate the 
product, further disproportionation occurring on vacuum 
distillation. In cyclopentane, however the proportions 
of disilyl sulphide, digermyl sulphide and the mixed 
sulphide did not change over several flours at room 
temperature. 
The reaction was not repeated using the selenium 
salt, as presumably the same difficulty in separating 
the volatile products would arise and it would be 
impossible to determine the physical characteristics 
and infra-red spectrum of the compound satisfactorily. 
N,m.r. data aM,of course already available 52 9 55 
46. 
. Acetyl.,chloride. 
Reaction of acetyl chloride with the ammonium salts 
was rapid but the initial reaction, was accompanied by a 
considerable percentage of side reactions. Particularly, 
silyl chloride always formed and (3iH 3 ) 2Y and (CH 3 CO) 2Y 
were frequently observed. 
H3oOCl + NH YSiH3 - O1 3COYSiH3 + NH Cl_  
It might be possible to overcome some of the formation 
of by-products by use of acetic anhydride in place of 
the chloride. 
An interesting feature of the products was deduced 
from the nuclear magnetic resonance spectra. 	If Y=S 
the product appears to exist almost entirely in the form 
CH3C(S)-OSiH3  at room temperature butat low temperature 
there is evidence for the isomer Oi 3C(0)-SSiH3 . 
However, if Y=Be, the product appears to exist as a 
mixture of the two isomers at room temperature, with 
exchange of Si13- groups between 0 and Be that is rapid 
on the n.m.r. time scale. This means that assignment 
of the infra-red sp.ectra',can only be tentative as the 
proportions of isomers may well be different at room 
temperature in the vapour phase. 
Y=s 
Comparisons for the infra-red spectrum were drawn from 
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)0=Se or 61-0 
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)49. 
6, DifluorophospflOryl halides PF 2X (X=Cl Q Bj 
Reactions of FF2X and the ammonium salts were carried 
out using 1:1 molar quantities by analogy with the 
general reaction :- 
QX + NB L. YSiH' - 	QYSiH3 + 	X 
however, this is only indicative of the likely 
preliminary reaction and a more complicated all over 
	
reaction may occur. 	This series of reactions appear 
to be complex and the major products are set out in 
the equation :- 
2PF2X + 3NHYBiH3 -.- Y=PFH + PP2NB3iH3 + 2 N X- 
+ 2Si.H3YH 
which was deduced from the collected experimental data. 
If one considered that, with YS, the expected 
reaction occurs initially, the expected product 
PF2 S±H3  being unstable and reacting further, the 
following steps could be postulated. 
2PF2X + 2tTH 	S3iH3 -- 	 2NH X + 2Pi?2U13iH3 
2PF2 $SiH3 + NH I $$iH3 - PF2 H + PF2NHSiH3 + 2SiH3SH 
-- 	23iH3SH 	 + 1 2S 
2PF2X + 3NH SBiH 3 	>- 2NH14 X + PF2YH ± PF2NHSiH3 
It is difficult to visualise a reaction pathway by 
which the second step could occur but an alternative 
representation, involving mainly steps known to occur 
separately, can be made if the salt Nh1 SiH 3 can 
be thought of as an associated 1'ffl 3i'SiH3 H species. 
50. 
Then :- 
3PF2X + 6 14H3/Sili3SH - 3PFNli2 + 3NH, X + 6SiH3 $li (1 




+ 2Sili3X .-, 2PF2iI3iH3 + PP2X + NH X 
	
(3 
or in place of step (2 :- 
2SIH3SE - > 	 + H 2 
H2S + PF 2 X-- PPSH + HX 
2HX + 	 -'---> 23iH3X + H 2 
 S 
Steps (1 and (3 are described in chapter V. 	Step 	(2 
would seem feasible in situ and the alternative step 
reactions are equally probable, Presumably PF 2-SH is 
formed but is thermodynamically less stable than 8=P1 2H 
and rearranges rapidly. 
In order to try to establish the presence of a mixed 
PF2SSiH3 species as an intermediate in these reactions ) 
a low temperature n,in.r, spectrum of the unfractionated 
volatiles of a reaction was run. 	While it was complex, 
due to peaks of all the products, there was some evidence 
for a series of peaks which could be ascribed to the 
proposed species. 	It was also noted in the pilot 
exchange reactions between halodifluorophosphines and 
disilyl sulphide and selenide that on standing at room 
temperature for a long period the only difluorophosphine 
compound in the 19F h.m.r, spectrum was assigned to 
Y=P1'2H (Y=s, Be), (see appendix,) 	Therefore, the 
ready formation of Y=PF2H in reactions described is 
not surprising,whether or not the mixed species 
P.F2YSiH3 actually form. 
51. 
Y= S . 	The identification of the product S=PF 2H was 
carried out by comparison of the spectra observed with 
those published , 	The N-silylaminodifluorophosphine 
was identified by characteristic bands in the infra-red 
spectrum and presence of the parent ion at m/e 115 in 
the mass spectrum. 
Characterisation of the compound where Y=Se was 
achieved by accurate mass measurement of the parent ion 
in the mass spectrum and spectral assignments made 
below which are analogous to those for the Y=S compound, 
so that it seems reasonable to postulate the same 
mechanism of reaction for Y=3 or Se. 
Infra-red spectrum assignments were difficult 
because of decomposition of the sample in the cell to 
give further impurities such as silyl fluoride. 	The 
nuclear magnetic resonance spectral assignments were 
definite however. 	The proton resonance is split into 
a doublet about tl.5Li. coupling constant J(P-ii) 687,7 
c,ps. by the phos1Drus, and a further triplet splitting, 
J(F-i- ) 92,14 c.p.s. ) by the fluorines is observed as 
expected. 	The fluorine resonance at P= 143± 0,2 p.p,m. 
is split into a doublet by phosphorus) J(P-F) 1182 
which is split into a further doublet by the proton ) 
J(H-F) 91.7 C.P5.J and yet again by the 77 3e,where 
J(Se-F) is 118.7 c.p.s 
Assignments were made for bands in the infra-red 
spectrum by analogy with data for the P=Se stretch 614 
and the S=PF2H spectrum 
	





cm. 1 	Se=PP 2!i 	 Impurities. 
214140 m. 
	
2170 s. 	 Si-H 
1975 in. 	? 
1250 w. 
1200 w. 
1100 M.  
loo5 v.s. 	P-H 
980 M. 
9145 8. 









psili3 (Si.d3 ) 2 Se 




Usually hydrogen sulphide or selenide (1.5 rn.mole) 
was allowed to react with the silylarnine (-0.5 m.,mole) 
under several atmospheres pressure at room temperature 
for about 48 hours in a greaseless tap ampoule which 
was kept attached to the vacuum line. 	The volatile 
products were then removed, examined by running infra-
red spectra, and stored elsewhere on the vacuum line. 
The solid left in the reaction vessel could not be 
purified but normally its weight was consistent with 
the formation of the appropriate NH YS1H 7 salt 
(-0.5 in-mole). 	Further reactions were carried out by 
introducing volatile reactants to the ampoule and 
allowing reactions to occur at suitable temperature 
for various lengths of time. 	Such solid/vapour phase 
reactions are not very satisfactory as local excesses 
make it impossible to control any reaction closely ) and 
decomposition and side reactions must be expected and 
were observed. 
In pilot reactions quantities referred to amine 
(0.25 n.mole) were used. On occafsionl larger scale 
reactions using amine ( 1 m.mole) were carried out. 
le. Hydrogen halides. 
Experiments were carried out using ammonium salt 
5L.. 
(0.25 m.nole) and hydrogen halide (0.25 m,mole). 
Volatile products after several days amounted to (0.25 
m.mole). 	Where hydrogen iodide and ammonium silyl 
sulphide were used, the mixture of silyl iodide and 
disilyl sulphide produced was inseparable by vacuum 
distillation, both compounds being just involatile at 
-96G00 	Identification was made from the infra-red 
spectrum of the volatiles. 	Mull spectra of the solid 
residue showed that the SSiFI 3 group was no longer 
present and the solid was identified as ammonium iodide. 
Reaction took an analogous course when hydrogen 
bromide and ammonium, salt were used; volatile products 
included silyl bromide and (SiJI 3 ) 2Y, identified by 
infra-red. spectroscopy. 	Again the solid residue mull 
spectrum contained no bands associated with the Y3iH 3 
anion but was identified as amlnoniU.lfl bromide. 
2e, Methyl halide s.  
Ammonium salt (0.5 nn1ce) was allowed to react with 
the methyl iodide (0.5 m0mole) for several days. 
Sampling the volatiles during this time, it was evident 
from theinfra-red spectra run that the volatile silyl 
material was increasing. 	After removal of all volatile 
niaterial (0,5 m.mole) , mull spectra of the residual 
solid showed only a trace of silyl material; the 
residue appeared to be almost entirely ammonium iodide. 
When Y=S in the ammonithhl salt taken, fractionation 
55, 
of the volatiles yielded material, involatile at -96 ° C, 
which was identified by comparison of the observed and 
published spectra as methyl silyl sulphide 51, 
Published I,R,:- 2910  w,, 2840 v,w., 2160 s., 1140 w., 
1320 w., 959 sh,rn,, 915 s., 695 ,. 6L5, 
Observed I.R. :- 2920 , 2850 , 2170 , 1325 , 960 
910 , 750 , 695 9 625 , 520. 
N,m,r. 	t(Si-li)p.p.m. t(C-H)p,p.in, #H-H)c.p,s. 
Published 5.70 7,92 0,45 
Observed 5.63 8,23 0.45 
The nuclear magnetic resonance spectrum was run in a 
capillary tube with benzec as external standard so 
the t values are not expected to agree with those 
published. 
When Y=Se, the fraction of total volatiles 00.5 
m.mole) which was involatile at -78'C (0.25 iu,mole) 
was identified by the following means as mainly methyl 
silyl salenide. 
Mass spectrum :- We 126 parent ion new compound 
We 142 disily]. selenide (trace) 
Accurate mass of parent ion :- Calculated 125 , 940377 
Observed 125 , 940072 
Error 	2.5 p.p.m. 
Infra -red spectrum showed bands at 2940 w., 2840 w., 
2160 s., 1280 w., 950 a., 910 m., 600 in., 405 rn,., which 
are assigned in the discussion. 
Nuclear magnetic resonance spectrum of a sample in 
56. 
capillary tubing with benzene external standard. 
(Si-H)p,p,a, 	't(C-H)p.p.in, 	J(.d-H)c,p,s. 
5,914 	 8,145 	 0,14 
3e. Trimethylsll.yl chloride, 
Reactions of the ammonium salts (1.07 m..mole) with 
triinethylsilyl chloride (1.31 in.mole) after about 214 
hours gave Me 3SiYSiH3 (0.72 m.mole) pure - about 709t 
yield - on fractionation of the total volatiles; the 
residual solids appeared from infra-red mull spectra to 
contain no silyl groups and were identified as ammonium 
chloride. 
Y=s 
Vacuum distillation of volatile reaction products 
yielded the following fractions. 
Involatile at -45 0C-fraction identified as trimethyl-
silyl silyl sulphide. 
Involatile at -96 0O'-mixture of disilyl sulphide and 
excess trirnethylsilyl chloride, 
Volatile at 96 GO_Trace  of silane. 
Microanalysis of fraction a) 	0% 
Found 	27,28 	8.88 
Required 	26,14 	8.87 
The compound melted at -1014 to-lOG C. 
Vapour pressure at 0O - 14 	Hg 
22.5e0 - 	mm. Hg. 
The compound apparently tended to disproportionate at 
5•7 
room temperature. 	Samples for analy3is were transferred 
to the appropriate capsules rapidly under dry nitrogen 
to minimise decomposition. 
Infra-red spectrum - cm 	2960  in., 2900 w., 2160 s., 
1450 w., 1405 w., 1325 w., 1255 s., 1070 w., 935 v,s,, 
845 v,s.,  750  in,, 690 w., 640 in., 525 rn., 440 m.. 
Nm.r. spectrum - cyclopentane was used as solvent and 
reference standard, 
p.p.m. 	J( 29 Si-H) J( 29 3jS3±H) Assign, 	Ref. 
Si-.H 5,72 	218,6 	2,5 	 compound 
5,64 	 (51H 3 ) 2 5 	5.65 
6,01 
SiCH 9,64 	 compound 
9.68 	 (-Me 3Si) 2 5 9.68 
Slow disproportionation is indicated by peaks identified 
as disilyl sulphide and bistrimethylsilyl sulphide. It 
was estimated at less than 10%. 
Mass spectrum - peaks observed assigned to ions below. 
m/e 	+ve ion assigned 	rn/e 	+ve ion assigned 
178 Me 6 Si 2 S 	 73 	Me 3Si 
1.63 	Me 5 3i 2 5 	 59 	Me 2 S1H 
147 Vie Si2 S 	 46 	MeSIH3 
136 Me 3Si$S1H3 
	 40 	
CSi 
121 	Me 2 SiSSiH3 32 	S 
105 	!e 3SiS 	 31 	SiH3 
93 i3 d2 	 15 	015 




Vacuum distillation of the volatile reaction products 
yielded the following fractions :- 
Involatile at -45C-fraction identified as trirnethyl.-
silyl silyl selenide 
Involatile at -96 9C-excess trimethylsilyl chloride 
and disilyl selenide which moved slowly through a 
-45C trap. 
Volatile at -96 ° C-trace of silane. 
Microanalysis of fraction a) 	Co 
Pound 	20.25 	6.61 
Required 19.6 	6.60 
The compound melted at -101 to-103 'C, 
Vapour pressure at 0 °C was negligible 
at 22.05 C — 5 m.in.rlg. 
As with the previous compound, disproportionation 
tended to occur at room temperature, and samples for 
analysis were made up in a dry nitrogen atmosphere to 
minimise decomposition due to air and moisture. 
Infra-red spectrum - cm -1  2960 in,, 2900 w,, 2170 s, 
1450 w.,14l0 w., 1325 w,,  1250 m,, 1070 w., 950 sh., 
925 v,s,, 690 vs,,850 v,s,, 755 in., 700 w., 630 m, 
400 in,, 360 m.. 
N,m,r, spectrum - using CH10 as solvent and reference,. 
p.p.m. J( 29SiH)c.p.s. J( 77SeSiH)c,p, s, J( 29 SiSeSiH)c.p,s. 
5.99 	218,5 	 14.9 	 2.1 	- Si-H 
5,91 - (8iH3 ) 2 Se lit, (5.88) 
9,54 - Si-Me 
9.59 - ( Me 38')23elit. (9,57) 
59. 
Again a 810w disproportionation appears to occur in 
solution. 
Mass spectrum - peaks observed assigned to ions below. 
Typical isotope distribution for selenium observed with 
further peaks due to loss of  atoms.  
n/e 	+ve ion assigned 	in/e 	+ve ion assigned 
226 Me6 i 2Se 73 Me 33J. 
211 tie 5 Si 2 Se 59 1V1eSiH 
184 Me 3SiJ3e3iH 3 45 MeSiH 
169 Me 2 SiSeSih3 
 
43 MeSi 
142 (SiH3 ) 2 Se 31 Bill3 
139 SiSeSiH3 15 CH  
110 SeSiH2 
Le, Germyl bromide. 
The reaction of germyl bromide (0.5 m.mole) with 
ammonium silyl sulphide (0.5 m,mole) occurred immediately 
they were allowed to warm to room temperature together. 
On fractionation of the volatiles ('0 , 5 m.inole) the 
following products were identified. 
a) volatile at -960 - small amount of germane 
'o) involatile at -96 °C - disilyl sulphide. 
c) involatile at -780 - mixture of disilyl sulphide, 
digermyl sulphide and possiblj the mixed germyl silyl 
sulphide. 
Repeated fractionations did not isolate the mixed 
sulphide and presumably disproportionation occurs 
6o 
on the vac -Lvin line during distillation. 
Another sample was prepared by holding the reaction 
mixture at -20 0 C for under 30 minutes., 	No fractionation 
of the volatile products was attempted but n.m.r, tubes 
were made up as follows :- 
One tube was made up using carbon tetrachloride/ 
tctrainethyl silane (5%) as solvent/internal standard. 
The spectrum was recorded immediately giving evidence 
of disilyl sulphide (teinglet 5.62), digerinyl sulphide 
(tsinglet 5.32) and the mixed species quartets (t5,)41 
and 't5.59) between these values. 	On standing at room 
temperature, silyl chloride (t5,36) was produced 
preferentially to gerniyl chloride 13.76) and the 
system was destroyed. 
A second tube was made up using cyclopentane as 
solvent. 	This time no significant change in species 
present resulted when the tube was allowed to stand at 
room temperature for some hours. The spectrum recorded 
w,r,t. cyclopentane (t8.49 p.p,in.) is in good agreement 
with the figures since published by Drake and Riddle 52,55 
who prepared the species in a gas discharge reaction. 
t(Ge-H)p.p.,rn. t(Si-H)p.p.ii. J(H-H)c.p.s. Compound. 
5.41 	(1:1) 	5.59 	 0.75 	Gel-I3SSiE3 
5,65' 	 (8iH3 ) 2 s 
5.29 	 (Gei1 3 ) 2 8 
5.36 	 5,60 	 0.8 	 ceH3SSiH3 (lit.) 
61. 
5e. Acetyl chloride. 
Reaction of acetyl chloride with the ammonium salts 
proceeded rapidly on warming to room temperature. 	It 
was found advisable to use ace tyl chloride in slightly 
less thanequimOlar .quantity.relatiVe to the salt, as 
excess was difficult to separate from the volatile 
products and attacked silyl groups to produce sill 
chloride. 	Local excesses which must exist in such a 
two phase reaction system always produced some silyl 
chloride. Mull infra-red spectra of the pale yellow 
residues contained no 'peaks assigned to a Si-H stretch 
but some weak bands were observed in the region below 
1000cm. 1 . 
Y=S 
Fractionation of the volatile reaction products 
yielded the following distinct fractions:- 
Involatile at -20°C - acolourless liquid identified 
by its mass'spectrum as diacetyl sulphide (m/e 118 
parent ion ). 
Involatile at -96 6C - any excess acetyl chloride and 
the suspected acetyl silyl sulphide or thio—acetyl silyl 
ether CH3C(0)SSiH3 , also disilyl suiphide. All were 
identified initially by infra-red vapour spectra. 
Volatile at -96 °C - silyl chloride identified similarly. 
Infra-red spectrum of the CH30(0)SSiH3 assigned in the 
di'cussion 	Band's cm- 2190 s., 1750 w., 1720 br., 
1440 w., 1,370 in., 1265 v,s., 1235 s., 1130 in., 1015 m., 
62, 
930 s0, 820 in,, 720 rn,, 700 m.,635 in., 510 w.. 
Infra-red spectrum of diacetyl sulphide - cm - 
1730 s., 1350 w., 1100 rn., 950 w., 600 rn,. 
Mass spectrum of fraction containing CH 3C(0)S3iH3 . 
teaks assigned are consistent with this compound and its 
decomposition products. Sulphur isotope distribution 
and further peaks due to proton losses were observed, 
m/e 	--ve ion assigned. 	rn/c 	+ve ion assigned. 






78 (SiH3 ) 2 0 32 5 
63 Siki3 S 31 Sill 3 
59 CII 3COO P  OH3C$ 15 C1 3 
Accurate mass determination of parent ion in the rnss 
spectrum. 
Calculated 105.990860 
vieasured 	105 , 990727 
Error 	1 p.p.in. 
N,rn,r, spectrum. A tube was prepared using carbon 
tetrachioride/tetranhetnyl silane as solvent/internal 
standard. Spectrum recorded :- 
p,p,m. 	J( 29 i-)c.p.s. J( 130-H)c,p.s. 
Si-a 	5,39 	234.9 
C-li 	7,43 	 129 , 4 
Integration showed the main silyl and methyl peaks were 
of approximately equal intensity. In further samples,  
run when low temperature equipment became available, 
63, 
the presence of disilyl sulphide in the samples was a 
handicap to interpretation of spectra; it proved 
impossible to prepare a sample that was quite free of 
disilyl sulphide. Cyclopentane was used as solvent as 
it allowed a low temperature to be reached even though 
it obscured the methyl region. 
Tube a) 28 C C Impurity peaks are assigned below, 
tp.p.m. 	p,p.m, 	(lit.) Compound 
5.62 5.65 (SiH3 ) 2 3 
5.35 5.39 (SiH) 20 
5.39 5,14 SiH3C1 
No movement of these peaks occurred on cooling. 
Compound peak at various temperatures 
cc Tube a) Tube 	) 
28 t537 	p.p.m. 153 	p.p.m. 
0 slight downfield broadens 
shift 
-20 broadens tends to broad quartet 
-40 tends to split sharpens 
-60 sharpening sharpening 
—80 sharpening sharpening 
These spectra imply that at room temperature the 
CH3C-O8iH3 isomer is present to almost 100 ; the 
integral of the Cd 3 and SIN3 resonance being almost 
identical, and the Si-liresonence being characteristic 
of an 05id3 group . However, as the temperaburo is 
lowered, there is some evidence that both isomers are 
64. 
present in equilibrium. 	The tendency of the Si--H 
resonance to broaden and possibly split before it sharpens 
up again implies some exchange which can be observed on 
the n.mr0 time scale. 	The compound peak observed in 
low temperature spectra is assigned as due to the O-SiH 3 
group 	Although no peak due to the S-SiH 3 group is 
resolved this may well be obsaed by the disilyl sulphide 
impurity peak. 
Y=Se 
Fractionation of the volatile products yielded the 
following distinct fractions:- 
Involtile at -L5 °C - the suspected acetyl silyl 
selenide or seleno-acetyl silyl ether Ci 3C(0)eSiH3 , 
bright yellow compound. 
Involatile at -96 C C - disi.lyl selenide, which proved 
difficult to separate cleanly from the previous fraction, 
and a trace of carbonyl compound , probably excess of 
acetyl chloride identified by infra-red vapour spectrum. 
Volatile at -96 °C - silyl chloride identified 
similarily. 
Infra--red spectrum of the Cii3C(0)eSiH3 assigned in 
the discussion. 	Bands Cifl 	at 2180 s., 1730 S., 1420 w., 
1360 w., 1270 s., 1190 m., 1100 s,, 1010w., 930 s., 
890 v.s., 790 w., 575 s., 390 m,. 
Mass spectrum of fraction containing CI-1 30(0)SeSiiI3 . 
Peaks assigned are consistent with this compound and 
its decomposition products. The characteristic selenium 
65.. 
isotope distribution and further peaks due to proton 
losses were observed. 
m/e 	+ve ion assigned. 	rn/e 	+ve ion assigned. 
166 	(CH 300) 2 Se 	 107 	SeCCH 3 
154 	CH300SeS1H3 	 80 	Be 
142 	(81H3 ) 2 Se 	 78 	(SiH3 ) 20 
139 	C0SeiH3 	 47 3iH30 
123 	OIi3COSe 43 	CH300 
110 	SeSiH2 	 31 	SiH3 
108 	COSe 	 15 	OH 
N.m.r, spectrthn. 
Tubes were prepared using carbon tetrachloride/ 
tetranethy1 silane 5 as solvent/internal standard. 
Impurity peaks were assigned as follows - disilyl 
selenide t5..pp..m, and a methyl compound t7,45 p.p..m. 
Peaks assigned to the acetyl selenium compound were a 
broad peak att5..5 -Gp..p..m, and a sharper peak at t7,53 
p.p.m.. In one sample run on a HA 200 splitting of the 
broad peak assigned to the compound was tending to 
occur at room temperature.  
Again a further series of low teupe-rature spectra 
were run when a reliable temperature control system was 
devised for the HA 100 fl,m,r, spectrometer. 	The results 
are tabulated below. 	In one sample a quartet sharpened 
up at t5.06 with an associated triplet at t9..6. 	This 
was assigned to a trace of a tethy1-si1y1 compound; the 
methyl resonance being split to a triplet by the 8iH2 
66. 
protons and the 31-H proton resonance being split to a 
quartet by the methyl protons. 
'tSi-H p,p.m. 	C-H p.p.m. 
28 	5.5-6.0 	7.54 
-13 	5.96 9 5.1-5.3 	7.5 
-18 	sharpens 	Shouider on 7,5 
-23 	1 	 j 
30 	 gradual separation 
-35 	 1 
It 	 2 broad peaks 
-L6  
-50 	supercooled carbon tetrachloride started to freeze. 
Peaks assigned to disilyl selenide 15.88 and silyl 
chloride t5,4 did not move as the temperature was. 
lowered. 
Exchange in Cli 300e$iH3 between the two possible 
isomers is clearly indicated. On cooling, peaks due 
to two compounds are observed - one in which the Si-H 
resonance is indicative of an 0-SiH 3 species and the 
other of an Se$ik13 species. In all low temperature-  
runs the same conclusion was reached. 
67 
6e PF2X (X=ci Br). 
Reaction of ammonium salts with P 2X (ratio reactants 
approximately 1:1) occurred very rapidly at fOOrn 
temperature, with Y=S or Se, X=Cl or Br, the solid 
turning yellow on warming from -196 
	
In case this 
indicated extensive decomposition of pro lucts the 
reactions were carried out at -22 °C, holding the reactants 
at this temperature for thirty to sixty minutes before 
fractionating the volatile products on the vacuum lines 
However, the residual solid in these reactions was still 
yellow coloured and while mull infra-red spectra showed 
no sign of bands due to Si-H species, there were some 
weak bands in the region below 1000 c111 
Y=S .  
Fractionation of the volatile products gave 3 major 
fractions the constituents of which were identified 
initially by infra-red s .pectroscopy.  
Involatile at _96 00 - contained dis(Lyl suiphide and 
N-silylaininodifluorophosphine identified by the two 
strong bands above 1200 cm. 	(see Chapter V). 
involatile at 120 0C - contained mainly hydrothio-
phosphoryl difluoride 3=P 2H. 
Volatile at _120aC - contained trifluorophosphine, 
silyl fluoride, excess halodifluorophosphine and 
possibly hydrogen suiphide, 
Absolute measurements were not made on quantities 
of products because of the difficulty of clean separation 
68 
of a large number of volatile products and decomposition 
of materials present in small amounts. 	Rather) on 
initial fractionation,relatiVe quantities were estimated 
and were found to be consistent with the complex reaction 
schemes put forward in the discussion. 
Spectral data collected are given below. 
Infra-red spectrum PF 2 SL 
observed crfl 	Published 	cm:' 
	
2459 m. 	 2458 m. 
1055 w. 	 1054 w. 
1019 V.S. 	 1019 V.S. 
973 
958 
923 v.a. 	 925 v.a. 
890 	 895 
844 
709 m. 	 709 ni. 
420 w. 	 420 w. 
22 _)J_7 J vt, , 
Mass spectrum .8=PF2II 
observed published 	observed published 
+ve ion assigned 	rn/c 	+ve ion assigned 
102 	SPi?2H 	 82 	SPF 
101 	SPF2 	 69 
86 	PF2OH 	 66 	POF 
85 	PF2O 	 63 	8? 
83 	SPFH 	 50 	PF 
Also in/e 115-parent ion of N-si1ylaminodif1uorophosphine. 
69 
Y=Se. 
Similar experimental procedures were followed and 
three major 2-actions were identified by infra-red spectra. 
Involatile at -78 ° 0 - contained disilyl selenide and 
Ns iiylaiinodifluorophOSPhifle. 
Involatile at -96 0 C - contained a PF 2 3eH species 
possibly present in two isomeric forms. 
Volatile at -96 CC-contained trifluorophosphifle, silyl 
fluoride, excess halodifluorOphOsphifle and possibly 
other very volatile species. 
Mull spectra of the residual bright yellow'solid showed 
only broad ainmoniulil bands and some weak low region 
bands but no 5±-H stretch was present. 
Although the presence of some PF 2 BeSiH 3 was not 
excluded, absolutely no evidence was found for it in the 
mass spectrum and n.fn.r. spectrum run in characterisation 
of the Se=P 2H species, see later data. 
Characterisation of the Se=PF 2H compound was 
attempted by the following means. 	It was not possible 
to obtain a sample which appeared completely pure so 
after a mass spectrum was run, the mass of the parent 
ion was detenined accurately. 
Calculated 149.894893 
Measured 149894157 
Error 	5 P.P.M. 
Infra-red spectrum of the compound sample. Bands at 
cm 	2440 in., 2170 s.; 1975  w., 1250 w., 1200 w., 
70 
1100 in., 1005 v.s. 980 	945 S., 690 vs., 850 w., 
805 w., 745 w., 600 w., 550 rn,, 400 m., 290 w.. 
Assignments are made in the discussion. 
Mass sp--ctrum for the Se=?F2H sample 
m/e 	+ve ion assigned 
150 
77 	SiH3OSiH2 , 
69 
32 	PH 
Selenium isotope scatter was observed. No peak was 
found at m 11e 181 due to PP 2SeSiH3 . 
Nuclear magnetic resonance spectrum.. The sample was 
run in a solution of arcton Cal?  and tetrarnetnyl silane 
as solvent and internal standards. 
Proton spectrum 
tp.p.m. 	J(P-H)c,p.s. 	J(F-H)c.p.s. 
-1,54 	687 , 7 	 92,4 
Fluorine spectrum 	(F) = 43 ± 0.2 p.p.mr.. 
J(P-P)c.p. so 	J(H-F)c.p,s. 	J(Se-F)c.p.s. 
1182 ± 3 	91.7 ± 0.4 	118.7 ± 0.7 
No evidence of the Se-H isomer was observed in the 
regions of the spectrum scanned. 
71. 
CHAPTER V. 
The Preparation, Characterisation and Attempted Reactions 
of Nsilylaminodif1uorophosPhifle (PF 2NiIBiH. 
While it was found that the compound aminodifluoro-• 
phosphine did not readily substitute further protons 
for PF 2- groups 
28,  it is possible under certain 
conditions of reaction to form the compound N-silylainino-
difluorophosphine by reaction of silyl bromide with the 
aminodifluorophosphifle as set out in the equation :-
3PF2NH2 + 28iH3Br 	, 2PF2NHSiE3 + NHBr + PF2Br 
The experimental data collected adequately characterise 
the compound.. 	Some of the spectral assignments and 
attempted further reactions of the compound are set 
out below. 
Discussion. 
The molecular weight, analysis and mass spectrum 
adequately characterise the compound. The infra-red 
spectra are consistent with the other data and the 
nuclear magnetic resonance spectra entireily confirm 
the formulation of the reaction product as N-silyl-
aminodifluorophosphine. 
Assignment of the infra-red spectrum is not at all 
obvious for some band S. 	On deuteration, the two bands 
at 3L.27 cmT1 and 3370 cm.-1 are replaced by two bands 
at 2530 =7 and 2490 cm:1 . 	Since there is only one 




assigned to the N-H stretch and probably the Si-H stretch 
plus the band at 1210 cfn7l combining in Fermi resonance. 
When on deuteration two bands are again observed which 
are associated with the N-D stretch it seems another 
possibility of Fermi resonance must arise, possibly 
between the N-D stretch and the Si-H stretch at 2185 cm.' 
-1 
plus the band at 312 cm. 	The preparation of the 
compound PF2NHSiD3 would verify or disprove this 
assignment. 	The assignment of the two very strong 
bands at 1247 cm and 1210 cm is also uncertain. In 
the spectrum of the deuterated sample only one new band 
is distinguished at 1070 Cm. , though another band 
-t 
could be obscured in the area just below 1000cm-. . No 
definite grounds for assigning the bands under 1000 cm 
are available. Again preparation of a PP 2NHSiD 7 sample 
might provide further information. 
The proton n,in,r, spectra obtained are reproduced. 
The 18 line Si-H resonance in the PF 215NHSiH3 sample is 
consistent with the 24 line spectrum expected. Overlaps 
of the triplets occur as indicated in the line diagram. 
1 	2122222222222212 	1 
I 	I t 	I 	I i 




J ( PH) 
73. 
For the sample run in benzene the Si-H resonance looked 
rather different even though measured coupling constants 
were little changed0 Couplings involving phosphorus 
snowed the greatest variation. Spin tickling was used 
to show that overlaps of the triplets occur to give the 
observed spectrum. 	The line diagram indicates this. 
I 	21 	22 	23 	1)41 	32 	22 	12 	1 
	
I 	I 	I 	I 
All the coupling constants were measured from single 
lines. 	Values for all the coupling constants measured 
seem realistic e.g. by the comparison of values with 
those for Me2NSiH3 l, 
Me2NSiH3 	1lSjSiH 
(Si-H) p.p.n. 	5.53-5.64 	5056 
J(295ik1) c.p.a. 	205. 14 	224 
J( 15N31H) c.p.s. 	14,7 	 41 
An electron diffraction study by Dr .. D.W.H. Rankin 6o 
sets the P-F distance at 1.587 ± 0.003 A, and P-P-N and 
P-N-Si angles at 97.4± 626 and 129.514 °± 514' respectively. 
The relatively wide angle at N is comparable with that 
determined in disilazane62  (127.7 0± f) indicating that 
bonding, particularly 7Tbonding is of the same order in the 
two compounds. The P-F bond length and F-P-N angle are 
consistent with this reasoning. 
7L., 
Introduction of various other groups to replace the 
remaining proton on the amine might be successful but 
it seems unlikely that either another PF 2- or S1E3-
group will be readily introduced0 	More forceful 
conditions such as potassium phosphide in liquid phosphine 
might remove a proton. 	Reaction with germyl bromide 
would more likely give exchange with the SiE 3- than 
substitution of the other proton but all previous attempts 
toexhange shy1 for germyl groups on nitrogen have CD 
resulted in the formation of polymeric species 
63 
The general reluctance of aniinodifluorophOsPhifle to 
react further e0g0 with suiphuryl dichloride, nitrosyl 
chloride, etc., 6o seens to be reinstated after the 
introduction of one silyl group. 	Presumably the 
readiness of a silyl halide to react with amines over-
shadows the stability introduced by the difluorophosphifle 
substituent, but after initial substitution the opposing 




Attempts were made to scale up the reaction of amino-
difluorophosphine with silyl bromide which was initially 
observed in the n.m.r. tube exchange reaction (appendix)0 
Normally reactions of amines and silyl halides proceed 
most efficiently when tne amine is squirted into the 
silyl halide in the vapour phase and clouds of ammonium 
halide deposit on the vessel. 	However, in this case e 
very sparse deposit of solid was observed and from 
sampling of the volatile products by infra-red 
spectroscopy there appeared to have been little reaction. 
The reaction mixture was then held at _2000  in an 
ampoule for about 40 minutes after which time much more 
solid had deposited 
Vacuum distillation of the volatile reaction products 
isolated the following fractions:- 
'Volatile at -64C - involatile at -96 CC - product 
identified by data to be discussed. 
Volatile at -96C - excess silyl bromide, silyl 
fluoride, silane and bromodifluorophosphine. 
PF2NH2 + SiH3Br - - > PF2NHiH3 + PF2Br + NH Br 
2m,mole 1.33m , mole 	1.2in0mole (Yield =90%) 
'Calculated molecular weight using a molecular weight 
bulb = 116.5 ± 1.5. 
Required molecular weight for product = 115 , 3 
Analysis of the compound was carried out by the 
following means :- 
76, 
A weighed sample was hydrolysed by a few mls. of 
concentrated aqueous potassium hydroxide solution. 
The hydrogen released, equivalent to three times the 
molar Quantity of silyl groups present, was measured 
using a Tepler pump, and ammonia released, equivalent 
to the molar quantity of amino group present was 
absorbed in a suitable quantity of dilute sulphuric 
acid which was further titrated to its end point with 
dilute potassium hydroxide. 
SiH3 	N 
% by weight expected 	26.96 	13-04 
measured. 	25.45 	13.02 
error 
This analysis of the compound was considered to be 
acceptable. 
An attempt was made to obtain the vapour pressure 
of a pure sample of N-silylaxninodifluorophosphine over 
a range of temperature. 	This did not prove very 
satisfactory; the results for any sample were not 
very reproducible as some decomposition occurred on 
standing for long periods at temperatures near 0 ° C, 
Silyl fluoride appeared in the volatiles and an 
involatile white solid deposited. The melting point 
determined using a warn ether bath was -104-106C, 
The most consistent vapour pressure curve obtained is 








TK 10 3/T P m.m, log P 
192 0 
209 4k785 0,5 -0.301 
213 4,587 1 0.000 
228 4.386 5 0.699 
250 4,000 24 1.380 
273 3.663 95 1.978 
250 4,000 24 1.380 
228 4.386 3 0.699 
218 4.587 3 0,477 
209 4.785 2 0.301 
The equation representing the vapour pressure data is in 
the form log P (rum,) = a/T + b , where a and b are 
calculated to be a= -1792, b= 8,327. 
Extrapolated boiling point = 56 °C, 
However, since some decomposition of the compound 
occurred during the vapour pressure determinations, the 
value is not likely to be very accurate, 
Mass spectrum, 
A detailed assignment of the mass spectrum for the 
P'2NH3iH3 sample is tabulated below. 
'III/ abund, +ve ion m/e abund, +ve ion 
117 60 PF2JB30 BiH3 112 1500 PF2NSIH 
116 230 PF2NFI29 SiH3 111 80 PF2NSI 
115 2700 PF2 NISiH3 96 I45 PFNHSiH3 
llLI. 3200 PF2NB1H3 95 80 PFNS±H3 
113 1300 P.?2NS±H2 9Lj. 1200 PPN1iH2 
78. 
m/e a'ound. +ve ion n/e ahund. +ve ion 
93 95 PPNSiH 50 290 PF 
92 200 PFNSi 47 1100 NH2 31113 
84 150 P F 2 NH 46 5000 NHS±H3 , PNH 
83 28 PF 2 N 45 110 NS.H3 , PN 
77 1100 P1"thSili3  
44 370 N3±H2 
76 950 .PNSIH3 
 
43 250 NSIH 
75 650 PNSIH2 32 160 SiH 
74 160 PNiH 31 590 P,. 8th3 
73 275 PNSI 30 130 S±H2 
69 2500 PP2 29 480 SiH 
66 600 PFNH, 28 85 Si 
65 340 PNH 18 280 
Peas assigned to impurities and decomposition products 
in the sample. 
m/e abund. +ve ion m/e abund. +ve ion 
221 120 (PP 2 ) 3N 129 54 PF Br 
153 170 (PF2 ),I 107 112 PBr, SiH2Br 
152 90 (PF2 ) 2N 88 105 Pi 3 
145 900 PF2N(8iH3 ) 2 86 130 P. 2Nii3 
142 85 PF(NBSIH3 ) 2 85 2400 PF 2IH2 
140 140 PF(N8iH3 ) 2 59 200 PSi 
124 48 P)4  49 
1600 SiH2P 
150 280 PF2Br 48 800 SifiF 
146 290 PP2Br 77 NH(Sid3 ) 2 
131 53 PFBr 
79 
nile 	abund. ++ve ion m/e abund. 	++ve ion 
115/2 5 PF2NHSiH3 73/2 49 	PNSi 
114/2 32 PF2NSiH3 69/2 2 	PP2 
113/2 20 PP2NSiH2 65/2 L. 	PPN±I 
112/2 13 PF2N81H 31/2 2 	SiH 3 , P 
111/2 10 PP2NSi. 29/2 6 	SIli 
95/2 L. PFN3IH3 131/2 L. 	PBr 
93/2 6 PFNSiH 129/2 5 	PPBr 
85/2 L. tjNH 49/2 11 	biH3F 
77/2 L. ENHBiH3 
75/2 27 PNS±H2 
The few peaks not assigned were almost certainly 
background, impurities from previous runs and. were of low 
relative abundance. The peaks assigned tie in exteme.y 
well with the presence of N-silylaininodifluorophosphine 
and its expected decomposition fragments and mass 
speotru.m ions. 
Infra-red spectra. 
Samples of the N-silylaminodifluorophosphiine and the 
deuterated compound PF2NDSIH3 contained traces of the 
aininodifluorophosphine, and silyl fluoride in the samples 
increased during the running of a series of spectra. 
The mean observed frequencies for the compounds are 
tabulated with possible assignments. Further mention of 
the spectra is included in the discussion. 
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Nuclear magnetic resonance data. 
The proton magnetic resonance spectrum of 9ilylami.no-
difluorophosphine is expected to contain 24 lines 
associated with the N-H resonance and 12 lines associated 
with the SiH resonance, 	However, the presence of 
broadens the spectrum. 	Therefore, a sample of 15N 
substituted compound was prepared by the usual method, 
using 15i3  prepared from 15Nd4  Br + concentrated KOH. 
This substitution introduced a further doublet splitting 
into the spectrum but sharpened it considerably. 
The following parameters were measured for a smmple 
of PF2 NHBiH3 in a solution of arctoh/TM8.. 
1H spectrum PF 215NHB1H3 
	 VMS"  3 
t(Si-H)=5.56p.p.m. t(N-H)7.lp,p,rn. 	t(Si-H)=5.71p0p,m. 
J( 29 Si-H)=224cp.s, J( 15N.H)=73c.p0s. 
J( 15NH)=L01c0p0s. J(Pii)=18.75c.p.s. 
J(H-H)=3,,Ocp,s. 	J(ff-H)=3lc.p.s. 	J(H-H)=3.1c,p,, 3, 
J(PBiii)=8.0c.p. s, 	J(FiH)=lLO.p, s, 	J(PSiH)=8.16c.p,s. 
J(F3iH)=2.0c0p.s. J(P8iH)=2l4e.p. s. 
Within experimental limits of ± O.lc.p.s. the figures 
axe consistent. 	The 293i coupling is only approximate 
as half the resonance is under the N-H resonance and the 
part visible is of course complex. 	An attempt was made 
to decouple the system partially by irradiating at 
t5 , 56 MOM. Some collapse was observed though it 
was not complete as the resonances were fairly broad. 
Irradiating at 056 the SM resonance , the quartet 
83. 
splitting started tc collapse in the I1-H resonance, a 
doublet of doublets of triplets of quartets. Irradiating 
at T-' 17 .11 the N-H resonance,a doublet splitting collapsed 
in the Si-H resonance, a doublet of doublets of doublets 
of triplets. 
The 19  n,in.r. spectrum of the sample relative to 
internal 001 3F:_ 
(F)= 55.2 ±'O.3 p.p,m. 
JP?) = 1215 ± 5 c,p.s. 
J( 15NF) = 4,2 ± 0.3 c.p.s. 
= 14.4 ± 0.6 c.p.s. 
J(H-sii') = 2,1 ± 0,3 c.p.s. 
For another sample of PF215N1iid3 benzene was used 
as solvent/internal standard. The coupling constants 
measured from the proton n,m.r, spectrum obtained were 
as follows :- 
J( 15NiH) = 4,1 c,p,s. 
= 	3.1 	C.P.S. 
J(PSiE) = 7,6 c,p.s. 
J(FBiH) = 2.2 c.p.e. 
J(PicH) = 20.2 c.p.s. 
J( 15NH) = 73,7 c.p.s. 
J(FNH) = 114,4 c.p.s. 
84.  
Reactions of N-silyl-a :ainodifluorophosphine.  
Attempts were made to replace the 'proton on the 
nitrogen. 	In the preparative reaction there seemed to 
be no tendency for the silyl bromide, even in excess, 
to replace both aminO protons with a silyl group. 	In 
one instance when silyl chloride was substituted for 
the bromide an equilibrium seemed to be established and 
even after the reaction mixture had been held at -20C 
and then -LO ° O ( to ensure that liquid phase was present) 
for about six hours, the reaction was incomplete and 
aininodifluoroPhOSpilifle was still present. 
Reaction of th N_silylaminodifluOroPhOSPhine with 
silyl iodide (1:1) was no more successful, resulting 
mainly in decomposition of the iodide and the amine. 
The presence of triethylamifle did not improve the reacticn. 
Reaction of the amine with difluorophOsphifle carbo-
diinide (2:1) was not successful either. 	It was hoped 
that another 	group would be introduced to the 
compound and that this product could be readily separated 
from the polymeric residue. 	However, little reaction 
occurred apart from some decomposition of the carbodiiiTlide. 
Products were identified mainly by infra-red spectra 
of the volatiles, so little evidence of reaction was 
observed. 	In one case a mass spectrum of volatiles 
was obtained, but it gave no evidence for any species 





Preliminary reactions to determine the extent of 
exchange between difluorophosphine compounds and silyl 
or gerinyl compounds were carried out in co-operation 
with Dr. D.W.H. Rankin of this Department. 	A series 
of n,m.r, tubes were prepared containing the following 
proportions of material in arcton CCl 3./cyclohexane as 
solvent and inirnal standards for the fluorine and 
proton nuclear magnetic resonance. 
Tube 	 Jompounds 	 Ratio 
a 	trisilylamine: broinodifluorophosphine 	1:3 
b 	disilyl selenide : bromodifluorophosphine 	1:2 
C 	disilyl selenide : chiorodifluorophosphine 	1:2 
d 	disilyl sulhide : chiorodifluorophosphine 	1:2 
e 	silyl bromide : thiocyanatodifluorophosphine 1:1 
f 	silyl bromide : aminodifluorophosphine 	1:1 
g 	digermoxane : bronodifluorophosphine 	1:2 
ratio 1 = 0.15 in. moles. 
Proton nuclear magnetic resonance spectra were run 
on the lIA 100 within a few minutes of warming the tubes 
to room temperature and after longer periods if little 
or incomplete reaction was observed) in order to see if 
an equilibrium was established. 
In only one case was rapid and virtually complete 
exchange observed. 	The spectrum for tube g after 5 
86. 
and after 15 minutes showed peaks assigned as follows 
(published values for known species given in brackets) 
with approximate percentage present;- 






After 15 minutes the quantity of gerinyl bromide had 
slightly diminished while that of germane had increased 
to about 25% relative, and unassigned peaks representing 
under 10% quantities appeared at r-5.86, 4.92 and 7.05. 
The exchange reaction appears to go initially to 
completion, 	However, at room temperature decomposition 
reactions rapidly occur. 
(GeH3 ) 20 + 2PFBr 	c-eH3Br + ( PF 
With tube a only a very slow exchange reaction was 
observed. 	Distribution of species after various times 
were recorded. 
lIfter 15 minutes 
	
tp.p.m, 	129SiIi c.p.s. 
	
98% (SiH3 ) 3N (5.57) 	5,59 	(215) 213 
2% SiH3Er 	(5,63) 	5,34 
(SiH3 ) 20 (5.9) 	5.38 
After a day and a further two weeks at room temperature 
the percentage of silyl bromide rose only slightly and 
though decomposition products such as silyi fluoride 
appeared t5.23 p,p,m, (5,24), J29 1H Lo c.p,s. (46), 
most of the trisi1ylanine was present unchanged and 
equilibrium lies very much to the left in the equation, 
(8iH3 ) 3N + 3PF2Br 	- 3iH3Br + (PF2)3N 
87. 
- 	Spectra of tubes b,c, and. d gave some indication 
for the formation of species Pi 2X±i 3 , where X=S or Se. 
Tube b after 15 minutes at room temperature gave 
pm 	J29 5th c.p.s. J77SeSii.P.s. 
15% 3iI 3Br (5.83) 5.84 238 
20% (SiH3 ) 2 e (5.91) 5.88 (225) 222 	(149) 14.4 
aad various peaks t5.5 possibly assigned to PF 	ii 2 SeSi 3 
After a period of about 1 hour a doublet of triplets 
were assigned to this coin-pound at t5,94 p,p.m., 
J(P-H) = 11,4 c.p.s.; J(-ii) = 3.2 c.p.s.. 	Other 
spectral lines were thought to be due to impurities 
present initially. 
Tube c spectra gave evidence of the produtton of silyl 
chloride (t5.41) in ratio 1:3 with the remaining amount 
of disilyl selenide. 
Tub.e d 3Pectrig gave evidence for production of silyl 
chloride 15,45 p.p.in. (5.41) after a few minutes and 
after 1 week this was increased to 30-40% with the 
remaining disilyl sulphide 60-70% T5.67 p.p.m. (5,65). 
Those tubes remaining when the fluorine probe became 
available were run on the HA 100. Evidence was found 
for PF 2 KH and (PF 2 ) 2X, X=S or Se as well as silyl 
fluoride, these being the decomposition products of the 
intermediates and species observed previously. Further 
series of these reactions are being run as an 
undergraduate research project at the present time. 
MOM 
The spectra for tube e are recorded below.  
.. 
After 30 minutes 	Lpp0rn 	
29 J 	i.d 
mainly @ih 3Br 	(53) 57 	237 
2% 	(51li3 ) 20 	5041 
1% 	? 	 5 . 45 
After 20 hours under 10% of silyl thiocyanteT555p0pnh 
(5 0 5L.) to about 90 silyl bromide and traces of impurities 
were observed. 	Finally after 2 weeks at room temperature 
the proportions of these two silyl compounds were 
approximately equal. A slow exchange equilibrium 
appears to be set up in this case 
PF NCS + 6111 Br - 	PF Br + 6111 NCS 
2 	3 	 2 	3 
Tube f showed signs of immediate reaction with white 
solid forming in the tube as soon as it warmed to room 
temperature After 5 minutes a sharp silyl bromide 
29 
peak remained at t57 P.P.M. (583) J 61-11 238 c0p.s. 
and a broad hump was observed around t5,7. After one 
hour the spectrum consisted of approximately 40r silyl 
bromide with a trace of silyl fluoride and 60% of a new 
compound att5.710 	Expansion of the broad hump in this 
area resolved a series of overlapping peaks identified 
as a triplet 	J= 214 ± Ol c0p.s0 
of doublets 	J= 3.10 ± Oel CooS. 
of doublets 	J= 816 4 01 C.P.S. 
This was consistent with formation of the compound 
N-silylwiilnodifluorophOsPhine, where the silyl 
resonance spi its into 12 lines -doublet ( by the 
89 
amino proton ) of doublets ( by 31P ) of triplets ( by 
the 2 l9, , the presence of 14N broadening the whole 
resonances 	The peak due to the I-ff resonacce was not 
observed ( as a doublet of triplets of quartets ) and, as 
it was thought most likely that it came mainly under 
the region obscured by the cyclohexane lock, no attempt 
was made to identify it 	Obviously owing to the deposit 
of white solid the reaction was not simply represented 
by the equation :- 
+in3.Br - 	PF2NHiii 3 + Lbr 
but was postulated to be :- 
3PF2N112 + 2iH3Br 	> PFEr + 	Br +2PF2NHSIH3 
as it was thought likely tnat the white solid was a 
si;nple aiiionium salt. 	The reaction was scaled up 
accordingly and all further data for and discussion of 
the compound are contained in chapter V. 
900 
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